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Introduction
It is well established that most of the cross-section variation in stock returns can be captured empirically by the three Fama-French factors, Fama and French (1993) . Moreover, these factors dominate beta in the CAPM model and consumption growth and inflation in the C-CAPM model. In these models the three-factors are ad hoc additional variables thought to represent systematic risk associated with the macroeconomy, Ludvigson (2012) . Although implying a formal rejection of CAPM and C-CAPM, there remains the possibility that these factors are consistent with a no-arbitrage framework for asset pricing. This is the question addressed in this paper using the more flexible SDF approach to asset-pricing.
Despite its flexibility, the SDF approach implies strong restrictions if the no-arbitrage condition is to hold over a cross-section of asset returns. The Fama-French model involves the returns on 25 portfolios obtained by sorting by the size (market capitalization) of each asset and their book-to-market ratio (BM). There are two additional returns based on portfolios that highlight the divergence between stocks based on the returns of small-minus-big capitalizations (SMB) and high-minus-low returns (HML) . We test whether all 27 of these returns satisfy the no-arbitrage restrictions implied by the SDF approach. We use as factors the returns on SMB and HML together with consumption growth and inflation. Hence, the returns on SMB and HML are both variables to be explained and explanatory variables for the other 25 portfolios. As the model reduces to C-CAPM if these two factors are excluded we are able to assess the additional contributions of the two factors. The individual results for the 25 portfolios can be used to determine the effects of size on the explanatory power of the model and hence on their risk premia. Our econometric model is a multivariate generalized autoregressive conditional heteroskasticity in mean model as in Smith and Wickens (2002) .
Our main findings are that consumption growth, inflation and HML are significantlypriced sources of risk for all portfolios but SMB is never significant. As a result, C-CAPM is rejected in favour of a model that also includes HML as a factor. The explanatory power of C-CAPM is best for portfolios that either have higher book-tomarket ratios or are of larger size, but not both. HML improves the fit of portfolios with low BM or a larger size. The no-arbitrage restrictions of the model that includes the two significant factors -consumption growth and HML -tend to be rejected much more for portfolios with low BM and small size. Although SMB is not significant in explaining the portfolio returns, as in Liew and Vassalou (2000) , it is found to have significant explanatory power for inflation, while HML is able to forecast consumption growth.
The negative relation between firm size and average return (size effect), and the positive relation between the ratio of a firm's book value of common equity to its market value (book-to-market ratio) and average return (value effect), have long been recognized as "anomalies" within asset pricing literature. This was reported by Banz (1981) and Fama and French (1992) for the capital asset pricing model (CAPM), and in the consumption-based CAPM (C-CAPM) with a power utility framework (standard C-CAPM) by Mankiw and Shapiro (1986) and Breeden, Gibbons, and Litzenberger (1989) . In the CAPM context, the seminal study by Fama and French (1993) introduced a pricing model that includes, along with the market return, two additional variables related to size (SMB) and book-to-market value ratio (HML). The Fama and French three-factor model can explain the cross-section of equity returns much better than the CAPM.
This study extends the standard C-CAPM in much the same way as was done to the CAPM in Fama and French (1993) . Without seeking its general equilibrium representation, the augmented C-CAPM that includes consumption, SMB, and HML as risk factors (hereafter the consumption three-factor model) can be viewed as a particular version of the affine multi-factor stochastic discount factor (SDF) model. Unlike Fama and French (1993) , given that SMB and HML are themselves equity returns, they have to satisfy their no-arbitrage conditions under the SDF framework as well as other portfolio returns. As a result, the mispricing theory is ruled out as risk premia for SMB and HML are due to their riskiness.
As in Smith and Wickens (2002) , we use the multivariate generalized autoregressive conditional heteroskedasticity in mean model (MGM) to estimate the standard C-CAPM and the consumption three-factor model for the 25 portfolios formed on the intersection of size and book-to-market ratio. We find that in addition to consumption, HML but not SMB can determine equity returns. The explanatory power of HML is as strong as consumption. However, the standard C-CAPM performs well with most of the portfolios that have a not too low book-to-market ratio. The inclusion of HML improves only the fit of the low book-to-market portfolios, SMB, and HML that are not correctly priced in the standard C-CAPM.
A time-varying comparison shows that consumption is the main source of volatilities for the small growth and big value portfolios, with the small growth portfolio having more volatility. From 2000 to 2002, the risk premium for the small growth portfolio decreases sharply, while for the big value portfolios it increases. This movement comes from the fact that during this period, SMB covariance for the small growth (big value) portfolio increases (decreases) while consumption and HML covariances for the small growth (big value) portfolio decrease (increase).
As in Fama and French (2005) , the value premium is similar across size, and averages about 5-6% per annum. On the other hand, the relation between HML premium and size is contradictory to the size effect with small portfolios having a higher negative HML premium. The inability of the standard C-CAPM to explain the returns on the portfolios in the two lowest book-to-market quintiles is due to the fact that the consumption covariances exhibit little variation across book-to-market ratio and the risk premia for these portfolios are heavily dependent on HML, where about 40% of their total risk premia comes from HML.
The VAR matrix in the MGM shows that, as in Liew and Vassalou (2000) , SMB and HML have information about future macroeconomic variables that is not available through other macroeconomic variables. Indeed, SMB can predict inflation while HML is able to forecast consumption and industrial production. The lag of the excess return on the small growth portfolio can predict inflation and industrial production, but information about inflation contained in the small growth portfolios is similar to that contained in SMB.
We also examine the behavior of average returns across industry as the performance of different industries is expected to vary across the business cycle. The standard C-CAPM cannot explain the industry returns that have a relatively low level of book-tomarket ratio and small firm size, but including SMB and HML does not improve the fit of these portfolios either. The inability of the consumption three-factor model to price industry returns is consistent with other related studies (Fama and French, 1997; Ferson and Locke, 1998; and Pastor and Stambaugh, 1999) . As size and book-to-market ratio for each industry changes over time, it is therefore difficult to measure the share of SMB and HML correctly. In addition, the behavior of the time-varying risk premia for hightechnology (HiTec) and utilities (Utils) are similar to those for small growth and big value stocks respectively, as HiTec has a consistently lower book-to-market ratio while Utils has a larger market common equity.
As the choice of HML is empirically motivated, several studies have attempted to establish the connection between HML and more fundamentally determined factors. Fama and French (1995) suggest that the value premium is due to financial distress. Vassalou and Xing (2004) point out that although HML contain default-risk information, HML contains important price information unrelated to default risk. Our results suggest that financial distress and default risk may not be the reason that HML can explain the equity returns as the relation between HML and size indicates that small firms are less risky than big firms.
One possible explanation is that HML may be associated with the investment growth prospect of firms. Low book-to-market ratio firms may be expected to have higher rates of growth while, to a lesser extent, small firms may also be expected to behave similarly. This interpretation is consistent with Brennan, Wang, and Xia (2004) where they proposed an ICAPM with time-varying investment opportunities that explains SMB and HML well. In addition, Li, Vassalou, and Xing (2006) proposed a sector investment growth model that can explain the cross-section of equity returns, including the small growth portfolio that cannot be priced by most pricing models.
Recent studies attempt to explain the cross-section of equity returns with the modified versions of the standard C-CAPM. By asserting that there are some alternative factors missing from the standard C-CAPM, and taking into account these factors through either conditioning variables (e.g. Lettau and Ludvigson, 2001) or alternative related consumption factors (e.g. Parker and Julliard, 2005; and Yogo, 2006) , these modified versions of the standard C-CAPM can explain the cross-section of equity returns as good as (or better than) the Fama and French three-factor model. We take a different approach by using the MGM to directly measure the underlying source of risk premium. This is in contrast to most of the econometric models of equity in the literature that are univariate. Smith, Sorensen, and Wickens (2008) followed this approach and employed the SDF model to generate models involving macroeconomic variables.
In Section 2, we discuss the asset pricing theoretical framework. Sections 3 and 4 describe the econometric methodology and data used in this paper respectively. In Section 5, we report the estimates for all portfolio returns. Section 6 looks at industry portfolios, and Section 7 summarizes the findings in this study.
Theoretical Framework

Stochastic Discount Factor Approach
The SDF approach is based on a proposition that the return on any asset satisfies
where 1 t M  is the stochastic discount factor for period , and the logarithm of the nominal risk free rate ( f t i ) are jointly normally distributed, then the expected nominal excess return on the asset is given by
where the term of the right-hand side is the risk premium. The term 1 ( ) 
The choice of the factors distinguishes between most models.
C-CAPM
For C-CAPM with power utility
Fama and French Three-Factor Model
CAPM does not assume log-normality and has one factor: the nominal market rate of return on equity m t i . This gives the SDF no-arbitrage equation
is the market price of risk which, in general, is time varying and can be interpreted as the CRRA (Merton (1980b) ). In CAPM the aim is to maximize wealth rather than the expected present value of utility derived from consumption as in C-CAPM. The solution for C-CAPM implies that consumption is proportional to wealth. It follows that the rate of growth of aggregate nominal consumption is equal to the nominal market rate of return on equity. CAPM then implies that Fama and French (1993) extended CAPM by including the two additional factors: SMB and HML. This implies the SDF no-arbitrage equation
General Three-Factor Model
A general model that encompasses all of these specifications may be obtained by including the two Fama-French factors in the SDF model for C-CAPM. This gives the basic asset pricing equation used in this paper
Rational Pricing
Fama and French apply their model to the returns on 25 portfolios sorted by 5 size categories and 5 book-to-market categories. We assume that our general model, equation (8), applies simultaneously to the returns on each of these portfolios. Moreover, as SMB and HML are the returns on two more portfolios, equation (8) should also apply to them. We note that SMB and HML are then both returns 1 t i  and act as factors. In total we have 27 portfolio returns. If there are no arbitrage opportunities across these 27 portfolios then each of the system of equations based on (8) should have the same coefficients. The system may be written , , ,
where s = 1, 2,…, 5 and b = 1,2,…, 5 indicate in ascending order the size and book-tomarket ratio groups that characteristics portfolios belong to respectively. For the industry portfolios, the same set of restrictions apply, but this time to the 10 industry returns where s,b is replaced by the industry name defined by the SIC code. The different asset models can be obtained by placing different restrictions on i  . C-CAPM imposes the restrictions
Econometric Methodology
We assume that the each excess asset return together with the factors can be modeled jointly as a multivariate generalized autoregressive conditional heteroskedasticity in mean model (MGM) that satisfies the no-arbitrage condition under the SDF framework as in Smith and Wickens (2002) . We include 5 factors: consumption growth, inflation, industrial production, SMB and HML. Thus we assume that the n-vector
ε H , where, α is an 1 n  vector of constants, Γ and λ are n n  matrices of coefficients and t+1 ε is an 1 n  vector of errors and  denotes a Hadamard product.In order to reduce the number of parameters to be estimated we use the definition of t+1 H of Ding and Engle (2001) which specifies the conditional covariance matrix is to be a vector diagonal model with variance targeting. Hence,
H is the observed sample covariance matrix and a and b are 1 n  vectors. The MGM is restricted to satisfy the no-arbitrage restrictions implied by the system defined above. This affects the first three rows. The second three rows define a VAR in the macroeconomic and finance factors The MGM can be written as , 
where the coefficients in the λ matrix are restricted to satisfy the system no-arbitrage conditions. The no-arbitrage conditions may be tested by comparing the restricted MGM model above with less restricted versions chosen to reflect the particular alternative hypothesis under consideration. Tables 1 and 2 show the monthly data on portfolios returns and macroeconomic variables from 1960.2 to 2004.11 for the US (538 observations). The return on the market portfolio is the value-weighted return on all stocks. The return on a risk-free asset is the one-month Treasury bill rate. There are two datasets of portfolio returns consisting of the 25 value-weighted portfolios formed by the intersections of 5 size and book-to-market quintiles and the 10 industry portfolios defined by the SIC codes. sb is used to defined the 25 portfolios according to their size and book-to-market groups. Portfolio 11 refers to the portfolio in the lowest book-to-market and smallest size quintiles. Real non-durable growth consumption is from the Federal Reserve Bank of St. Louis. CPI inflation and the volume index of industrial production are both from Thomson Reuters Datastream.
Data
The descriptive statistics for the excess returns of the 25 portfolios in Table 1 are similar to those in Fama and French (1993b) for the period 1963-1991. This indicates a stronger value effect and relatively weak size effect. For the 10 industry portfolios shown in Table 2 , the telecommunications industry (Telcm) has the highest average book-tomarket ratio and largest firm size. The Hi-technology industry (HiTec) has the highest standard deviation and the lowest average excess return. In general, most of the excess returns and macroeconomic variables appear to have negative skewness, excess kurtosis, and non-normality, except the risk-free rate, SMB, HML, and inflation that display positive skewness and show volatility persistent. 
Table 2 Summary Statistics: 10 Industry Portfolios and Explanatory Variables
The table presents descriptive statistics for the returns on the 10 industry-sorted portfolios and explanatory variables. The returns are monthly value-weighted from 1960.2 to 2004.11, 538 observations. The NYSE, AMEX, and NASDAQ stocks are assigned to an industry portfolio based on its four-digit SIC code. i m,t+1 and i t f are the returns on the market portfolios and one-month Treasury bill rate respectively. Consumption growth, inflation, and industrial production growth are represented by c t+1 ,  t+1 , and q t+1 respectively. Std. Dev is the standard deviation. t-stat is the t-statistic for zero mean hypothesis. t-stat is the test statistics for zero mean hypothesis.  ( x t , x t-i ) represents the autocorrelation coefficients over the time interval i month(s). BM denotes book-to-market equity ratio. Firm size, book-to-market equity ratio, percent of the market, and number of firms are in average terms. Data and full definition of 10 industries can be found on http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html. Table 3 reports the estimates for C-CAPM. The conditional covariances of returns with consumption for all portfolios are highly significant. However, their sizes that range from 127.98 to 174.61 imply implausibly large CRRAs. This is a common feature of consumption-based models (Campbell, 2002; Yogo, 2006; Smith, Sorensen, and Wickens, 2008) . We do not observe a systematic relation in these consumption coefficients across size or the book-to-market ratio. Nonetheless, the likelihood ratio statistics support the hypothesis that the consumption coefficients for the three returns in each of the 25 systems are the same. This result implies that the no-arbitrage condition under the standard C-CAPM is satisfied. It suggests that the cross-sectional variation in each portfolio return, SMB, and HML exists due to cross-sectional variation in their conditional covariances with consumption.
Estimates of 25 Size and Book-to-Market Portfolios 5.1 C-CAPM
Table 3 C-CAPM: 25 Size and Book-To-Market Portfolios
The table presents the estimates of the standard C-CAPM for the 25 size and book-tomarket portfolios: 1960.2-2004.11, 538 observations. The model is estimated by the multivariate GARCH in mean model.  and ( ) t  denote the coefficient relative risk aversion and its corresponding t-statistics respectively. The mean residual is computed by subtracting the predicted excess return from their historical value. The no arbitrage restriction is tested using the log-likelihood ratio test. The corresponding p-value is denoted by p-value. 
Figure 1 Cross-Sectional Fit: 25 Size and Book-to-Market Portfolios
The figure plots average actual versus predicted excess returns (% per month) for the 25 size and book-to-market portfolios. The estimated models are (a) standard C-CAPM and (b) the general three-factor model. The average excess returns are adjusted for the Jensen effect. The 25 portfolios are defined using two numbers, sb. s = 1,…, 5 and b = 1,…, 5 indicate size and book-to-market groups that portfolios are in respectively. The numbers are in ascending order of magnitude. For example, the smallest (largest) size group is denoted by s = 1 (5) while the lowest (highest) book-to-market groups is represented by b = 1 (5). Table 4 reports estimates of the general three-factor model. The model has four factors: consumption growth, SMB, HML and inflation but only the coefficients for the first three are estimated as that for inflation is restricted to unity by the no-arbitrage condition.. As with C-CAPM, all of the consumption coefficients are significantly different from zero at conventional levels, and their magnitudes range from 114.06 to 207.92. The inclusion of SMB and HML as additional risk factors does not affect the way consumption determines asset returns. SMB plays no role in explaining the equity returns as none of its coefficients is significant. On the other hand, HML appears to be able to explain asset returns. All of the coefficients for the conditional covariances of returns with HML are more than three standard errors larger than zero. The explanatory power of HML is as strong as that of consumption. These HML coefficients are also similar to one another, having an average value of 5.44. Therefore, the differences in the HML risk premium across portfolios arise from the differences in their conditional covariances with HML. Tests of the no-arbitrage restrictions for the three returns in each of the 25 systems finds few rejections (mostly of large firm returns) at conventional significance levels. 
General Three-Factor Model
Table 4 General Three-Factor Model: 25 Size and Book-to-Market Portfolios
The table presents the estimates of the general three-factor SDF model for the 25 size and book-to-market portfolios: 1960.2-2004.11, 538 observations. The model is estimated by the multivariate GARCH in mean model.  1 ,  2 , and  3 are slope coefficients on consumption, SMB, and HML factors respectively. The mean residual is computed by subtracting the predicted excess return from their historical value. The test for the restrictions that the model places on the coefficients of the portfolio returns and the HML and SMB return equations shown in equation (9) Figure 1(b) shows the cross-sectional fit of the general three-factor model for the 25 portfolios. Most portfolios appear to earn average excess returns higher than the model predicts. Although, the largest model residual (0.26% per month) is much lower than in the case of the C-CAPM (0.64%), the general three-factor model explains better than C-CAPM only the returns on 11 portfolios (8 portfolios are in the first two lowest book-tomarket quintiles). These 11 portfolios also include the two small growth portfolios (Portfolios 1,1 and 1,2) that previously have the largest residuals in t C-CAPM. The average residuals for these two portfolios in the three-factor model are only -0.06% and -0.01% per month.
On the other hand, C-CAPM explains the returns on 13 portfolios better than the general three-factor model with 9 portfolios having the average residual smaller than 0.07% (in absolute term) per month. Apart from portfolios with a low book-to-market ratio, C-CAPM appears to do a good job in explaining the equity returns. Including SMB and HML improves mainly the cross-sectional fit of the low book-to-market portfolios. However, the general three-factor model can capture the variation in SMB and HML. The biggest SMB residual (-0.07% per month) in this model is lower than that in C-CAPM (-0.23% per month). For HML, the biggest HML residual is -0.03 % per month, which is significantly smaller than 0.44%-0.45% per month in C-CAPM. The ability of the general three-factor model to price SMB and HML is consistent with Brennan, Wang, and Xia (2004) where they propose an ICAPM with time-varying investment opportunities that explains well the returns on SMB and HML.
Table 5 Average Covariances: 25 Size and Book-to-Market Portfolios
The table presents the average covariances of the returns on the 25 size and book-tomarket portfolios with consumption, SMB, and HML from the estimation of the consumption three-factor model. The process of the conditional covariances is assumed to follow the multivariate GARCH in mean model. Table 5 shows the conditional covariances of the 25 portfolio returns with consumption, SMB, and HML. The consumption covariances decline as size increases while little variation is observed across book-to-market ratio. On the other hand, we observe the systematic movement in the covariances of SMB and HML. All returns positively co-move with SMB. Small firms have higher SMB covariances than large firms, but the spreads in the SMB covariances across size decrease as book-to-market ratio increases. The differences in SMB covariances between the smallest and biggest size quintiles in the lowest to highest book-to-market quintiles are 0.1582, 0.1441, 0.1218, 0.1164, and 0.1097 respectively.
Most portfolios seem to co-move negatively with HML. The exceptions are large portfolios with a high book-to-market ratio: Portfolios 5,4 and 5,5). Low book-to-market portfolios have higher negative HML covariances than high book-to-market portfolios and small growth portfolios have more negative covariances with HML than large growth portfolios. These systematic effects across the 25 portfolio returns, and the SMB and HML returns suggest that sorting portfolios based on size and the book-to-market ratio improves the explanation of the cross-section of equity returns.
A comparison of the variation over time of the risk premia for small growth (Portfolio 1,1) and large value (Portfolio 5,5) portfolios and their conditional covariances with the SMB and HML factors is given in Figure 2 . Taken together, the graphs suggest that fluctuations in the two risk premia are due to the covariances with consumption and the HML factor, with the risk premium for the small growth portfolio the more volatile. Striking differences between the two risk premia occur during the burst of the dotcom bubble between 2000 and 2002 when HML returns increased considerably; the risk premium for the small growth portfolio decreases sharply, while the risk premium for the large value portfolio increases. Differences in the behavior of the conditional covariances with SMB and HML also occur during this period. As the conditional covariances of HML with the 6 portfolios in the two highest book-to-market quintiles and the three biggest size quintiles increase during this period, it indicates that these large value stocks became riskier and that investors therefore required a higher risk premium to hold these portfolios.
We find that the HML factor is much more significant than the SMB factor. The choice of both is empirically motivated. Several studies have attempted to establish the connection between HML and more fundamentally determined factors. Fama and French (1995) suggested that the value premium was due to financial distress. Low book-tomarket ratio is typical of firms with high returns on capital, while high book-to-market ratio is typical of firms that are relatively distressed. Size is also related to earnings. Controlling for book-to-market ratio, small stocks tend to have lower earnings on book equity. Vassalou and Xing (2004) pointed out that, even though HML contain default-risk information, HML contains important price information unrelated to default risk. Our results suggest that financial distress and default risk may not be the reason why the HML factor contributes to the explanation of equity returns. The relation between HML premium and size indicates that small firms are less risky than big firms. Even though the size effect arising from earnings is thought in the literature to be captured by SMB in this study we find that across size consumption and HML dominate, and that consumption is more important than HML.A possible explanation for why HML predicts that small stocks are less risky than big stocks may be related to an association between HML and the investment growth prospects of firms. Low book-to-market firms may be expected to have higher rates of growth, and this may also be true to a lesser extent for small firms. Li, Vassalou, and Xing (2006) proposed a sector investment growth model in order to explain the cross-section of equity returns and why the return on the small growth portfolio cannot be priced by most asset pricing models.
The remaining feature of the general three-factor model yet to be discussed is dynamic structure implied by the VAR model. In Table 6 we report estimates of the VAR matrix for the small growth portfolio with and without the SMB and HML factors in the model. The lag in inflation has predictive power for all of macroeconomic variables. The lags in consumption and industrial production help forecast inflation and themselves. Whether the SMB and HML factors are included or excluded appears to make little difference to these lag coefficients. However, including the two factors seems to provide information about the macroeconomic variables that is not otherwise contained in other macroeconomic variables: SMB helps to predict inflation, while HML helps forecast consumption and industrial production. The significance in the consumption equation of the coefficients for lagged inflation, consumption, industrial production and the HML factor implies that the conditional covariances of returns with unexpected consumption are priced. The lag of the excess return on the small growth portfolio -the lag of SMB -helps to predict inflation in the more restricted VAR but is insignificant in the less restricted VAR. This suggests that information about inflation contained in the small growth portfolios is similar to that contained in SMB. This finding is only present in low bookto-market and small sized portfolios -Portfolios (1,1), (1,2), (2,1), and (3,1). , We also note here that the small growth portfolio helps predict industrial production in both models, indicating that the small growth portfolio, like HML, contains information about industrial production that is unrelated to that contained in other variables. The explanatory power of the portfolio return in predicting future industrial production is unique to the small growth portfolio. As before, including portfolio returns in the VAR does not provide additional information about future macroeconomic variables.
These VAR results can be related to the findings in Liew and Vassalou (2000) who found that even in the presence of several business cycle variables (including, for example, industrial production growth), SMB and HML are able to predict future Gross Domestic Product (GDP) growth. This suggests that an asset pricing model that includes a factor that captures news related to future GDP growth, along with the market factor, may perform as well as the Fama and French three-factor model (Vassalou, 2003) . A possible explanation for this is that SMB and HML are reflecting the investment component of GDP. This is consistent with our previous suggestion that investment growth prospect of firms may be the underlying source of the risk associated with the HML factor.
Industry Portfolios
Previously, the cross-section of equity returns is categorized on portfolios that have different values of size and book-to-market ratio. This is because we want to examine whether the pricing models can explain a large dispersion in the returns among these portfolios. We now extend this analysis to industry returns. Although the dispersion of average returns for the industry portfolios is relatively small and no systematic pattern is present in these returns, the performance of different industry groups varies through time as an economy passes through different stages of the business cycle. The analysis in this section therefore examines the robustness of the results found above. Industry returns can be classified into two groups based on their sensitivity to macroeconomic shocks (Bodie, Kane, and Marcus, 2002) . A cyclical industry, e.g. consumer goods (Durbl) or capital goods (Manuf), is particularly sensitive to macroeconomic conditions while a defensive industry, e.g. non-durable consumer goods (NoDur) and public utilities (Utils), has little sensitivity to the business cycle.
C-CAPM
Estimates of C-CAPM for the 10 industry portfolios are given in Table 8 . All consumption coefficients are highly significant, and range from 128.07 to 173.51, implying a very large CRRA, as in the estimation of the characteristics portfolios. Apart from Hlth, cyclical industries appear to have higher consumption coefficients than defensive industries. Figure 3 (a) shows that C-CAPM provides a particularly poor fit for 4 industry returns: the average residuals for Hitec, Hlth, Shops, and Manuf are -0.30%, 0.21%, -0.20%, and -0.18% per month respectively. The common characteristics of these industries are relatively low levels of the book-to-market ratio and small firm size. This is similar to the previous results where C-CAPM is not able to price portfolios that are in the low book-to-market ratio quintiles. The risk premia for these portfolios are heavily dependent on HML, and consumption exhibits little variation across the book-to-market ratios. On the other hand, C-CAPM is able to successfully price NoDur, Enrgy, Telecommunication (Telcm), Utils, and Other industries as their residuals are less than 0.12% per month. As was shown above, for the 25 characteristics portfolios, the industries that can be priced by C-CAPM generally have higher average book-to-market ratios.
General Three-Factor Model
The estimates in Table 7 show that all consumption coefficients for this model are significantly different from zero and somewhat smaller than for C-CAPM. We find that SMB plays no role in explaining the industry returns. On the other hand, all of the HML coefficients are highly significant, and their values range from 5.27 to 6.69, which is generally higher than for the 25 size and book-to-market portfolios. Figure 3(b) shows that the three-factor model explains the spread of average returns better than C-CAPM. C-CAPM prices the Hlth and HiTec industries that have low bookto-market portfolios better than the three-factor model. The inability of this model to price these industries too may be due to the uncertainty about risk factors, as indicated in previous studies of the industry cost of capital (see, for example, Fama and French, 1997; Ferson and Locke, 1998; and Pastor and Stambaugh, 1999) . This is possibly due to the fact that the values of size and the book-to-market ratio for each industry change over time. It is difficult to measure the HML risk sensitivity of these industry portfolios precisely over time. However, in general, as in the case of the 25 portfolios, the inability of C-CAPM to price industry returns seems to come from the fact that the model omits another dimension of risk associated with HML.
A time-varying comparison between HiTec (cyclical) and Utils (defensive) industries is shown in Figure 4 . In the sample period, the HiTec industry has a consistently low book-to-market ratio while the Utils industry has a relatively high book-to-market ratio. For their firm sizes, the Utils industry has a larger market common equity than the HiTec industry. The risk premium for HiTec is much more volatile and is mainly caused by the movement of the consumption covariance. The average consumption covariances for the HiTec and Utils industries are 0.0047 and 0.0022 respectively ( Table 7) . The HiTec industry positively co-moves with SMB while the Utils industry seems not to be affected by SMB. The average SMB covariances for the HiTec and Utils industries are 0.0776 and 0.0005 respectively. Similarly, the HML covariance for the Utils industry is also close to zero throughout the sample period, while that for the HiTec industry is always negative. The average HML covariances for the HiTec and Utils industries are -0.1119 and 0.0100 respectively.
Opposite movements occur in the risk premia during the dotcom bubble burst. From 2000 to 2002, the risk premium for the HiTec industry decreases while that for the Utils industry increases. The consumption covariances for the HiTec industry decreases sharply while that for the Utils industry increases, but the reduction of consumption covariances for the HiTec industry is not as strong as the decrease for the small growth portfolio at the same period. The movement of the HML covariance is similar to consumption. The HML covariance for the HiTec industry decreases sharply during this period while that of the Utils industry increases slightly. In contrast, during the same period, the SMB covariance for the HiTec industry increases and that for the Utils industry decreases. According to the behavior of the consumption, SMB and HML covariances, the HiTec industry behaves like the small growth portfolios while the Utils industry behaves similarly to the big value portfolios. Table 7 Estimates of 10 Industry Portfolios The table presents the estimates for C-CAPM and the general three-factor model for the 10 industry portfolios.  denotes the coefficient relative risk aversion.  1 ,  2 and  3 are slope coefficients on consumption, SMB, and HML respectively. The mean residual is computed by subtracting the risk premium from their historical value. The p-value tests the no-arbitrage restrictions of the general three-factor model. 
Conclusions
We have extended standard C-CAPM by including two additional factors associated with Fama and French (1993) in their study of CAPM: size (SMB) and the book-tomarket ratio (HML). As both SMB and HML are themselves portfolios returns, we have incorporated equations for them, together with portfolio returns sorted by size and their book-to-market ratios, to provide a system of no-arbitrage equations derived from the SDF pricing model. This is then estimated, together other macroeconomic factors, in a multivariate GARCH in mean model that satisfies no-arbitrage conditions. We find that, in addition to consumption, HML, but not SMB, helps to determine equity returns. C-CAPM performs well for most of the portfolios provided they do not have low book-to-market ratios, and that including HML mainly improves the fit of low book-to-market portfolios. HML also helps explain SMB and HML returns. The poor explanatory power of C-CAPM for the portfolio returns in the two lowest book-to-market quintiles reflects the lack of variation of the consumption conditional covariances across book-to-market ratios. In contrast, HML explains about 40% of their total risk premia.
Our findings for industry returns are consistent with those for the portfolios sorted by size and book-to-market ratios. C-CAPM cannot explain the returns of industries having a relatively low book-to-market ratios and a small firm size. However, including SMB and HML as additional factors does not improve the fit for these portfolios either. The inability of the general three-factor model to price industry returns is consistent with other related studies (Fama and French, 1997; Ferson and Locke, 1998; and Pastor and Stambaugh, 1999) . Perhaps this is because changes over time in the size and the book-tomarket ratios of the industriesmake it more difficult to measure the contributionse of SMB and HML correctly. The behaviour of the time-varying risk premia for Hightechnology (HiTec) and Utilities (Utils) are similar to those for small growth and large value stocks, respectively. This is because HiTec has a consistently lower book-to-market ratio, while Utils has a larger market common equity.
As the choice of HML is empirically motivated, several studies have attempted to establish the connection between HML and more fundamentally determined factors. Our results suggest that financial distress (Fama and French, 1995) and default risk (Vassalou and Xing, 2004) may not be the reason why HML helps explain equity returns. The relation between HML and size indicates that small firms are less risky than large firms. A possible explanation is that HML is associated with the investment growth prospects of firms. Firms with low book-to-market ratios may be expected to have higher rates of growth. To a lesser extent, small firms may be expected to behave similarly. This interpretation is consistent with Brennan, Wang, and Xia (2004) and Li, Vassalou, and Xing (2006) who suggested that investment-based asset pricing models may be able to explain the cross-section of equity returns.
